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Introduction
The preparation and study of compounds related
structurally to naturally occurring pyrethrins have
been in progress in a number of laboratories'A",
Recently, in our laboratory, we have been in-
teres ted in determining the effects of various
halogen substltuents in the acid moieties of
synthetic pyrethrolds on the knockdown and ki1l
of certain insects", Our goal also has included
the correlation of structure of halogen-contalnlng
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Fig. 1. Synthetic pyrethroids containing halogen substituents in the acid moiety
This paper reflects the results of research only. Mention of a pesticide or of a commercial or
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Results
Table 1. Relative effectiveness of pyrethroids
of Series I against DDT-susceptible
house flies. a
Relative house fly toxicity data for the
halopyrethroids having dihalovinyl substituents
in the acid moiety (Series I) are given in Table
1. It can be concluded that there is a general
enhancement of toxicity in this series as the
from tert-butyl- (±) -trans-chrysanthemate which
yielded the desired halopyrethrates. Synthesis of
the acid moieties of compounds VIII, IX and X
was accomplished by HCI, HBr and HI additions
respectively to (±) -trans-chrysanthemic acid. All
of the final esters were prepared by condensation
of the appropriate acid chloride with the desired
alcohol (usually 5-benzyl-3-furyl carbinol, but in
one instance (±) -2-allyl-4-hydroxy-3-methyl-2-
cyclopenten-L-one, commonly called allethrolone).
Partial separations of the cis, trans-halopyre'
thrates was accomplished by fractional crystalliza-
tion. The separation of the cis, trans isomers of
halopyrethroid II was accomplished by preparative
gas chromatography employing diethylene-glycol




Insecticidal potencies of the halopyrethroids
have been studied with DDT-susceptible house
flies, Musca domestica L., and free-flying yellow-
fever mosquitoes, Aedes aegypti (L.) with pyre-
thrins as a standard. The Peet-Grady method",
involving spray formulations of the insecticides,
was employed with house flies, and a variation
of this method'" was employed in studies with
mosquitoes. Evaluation of the relative toxicity
of the test compounds was made employing
probit analysis to generate a dosetoxicity curve.
A plot of the logarithm of concentration versus
pro bits of percent toxicity was constructed using
replicated tests at dose levels chosen to give
percent toxicities between 25 and 75;:'67>. Relative
toxicities were then calculated from the ratio of
the concentration of the test compound which
would give 50;:'6 toxicity to that of standard
pyrethrins giving the same toxicity. Pyrethrins
standards levels were normalized to give values
of unity.
atom substituents which have been employed in
these studies include fluorine, chlorine, bromine,
and iodine, and the halopyrethroids which we
wish to discuss in this paper are presented in
Fig. 1.
a See the biological testing section for further
details.
b Pyrethrins standard was assigned a value of
unity. The LC50 ::= 1.4 mg/ml.
halogens of the dihalovinyl substituent become
more electronegative (or decrease in covalent
radii). The toxicities of the first three com'
pounds of the series (I, II, III) are quite com-
parable, however. The toxicity of the dibrorno-
vinylpyrethroid (IV) is significantly less than
that of the previous three, although it is still
quite effective in insect kill when compared to
the pyrethrins standard. From these data, and
also from unpublished data in our laboratory, it
Organic syntheses
The synthesis of the acid moiety of pyrethroid
I, which has the difluorovinyl side chain, was
accomplished by reaction of the ylide, (difluoro-
methylene) triphenylphosphorane, with the al-
dehyde-ester derived from ozonolysis of tert-butyl
(±)-trans-chrysanthemate. The acid moieties
of pyrethroids II and III which have the cis, trans
chlorofluorovinyl and cis, trans bromochlorovinyl
side chains respectively, were similarly prepared
by reaction of the aldehyde-ester with the
appropriate ylides. The synthesis of the acid
moiety containing the dibromovinyl side chain
of pyrethroids IV and V has been reportedv: the
methods reported are typical for the synthesis
of all the dihalovinylpyrethroids prepared in this
study. The synthesis of the acid moieties in
compounds VI and VII was also by reaction of the












Table 2. Ten minute knockdown activity by
halopyrethroids of Series I against
DDT-resistant house flles-
a Results obtained from parallel tests on the
same lot. of house flies at halopyrethroid
concentrations of 0.0625 mg/ml. See the
biological testing section for further details.
appears that the halogen substituent effectiveness
in a variety of haloqcn-contalning pyrethroids is
(in incrcasirur order of toxicity) Dr < CI:5F.
Much more strikin$f differences in the activities
of pyrethroids of Series I are seen in the relative
knockdown qualities (Table 2). In this study a
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Fig. 2. Percent knockdown in 10 min by pyre-
throids of Series I (0.0625 mg/ml)
versus Rm values. Rm values were
determined by use of silica gel plates
with heavy mineral oil as the stationary
phase and acetone: ethanol: water (60:
10: 30) as the mobile phase.
increasing lipophilic character (increasing Rm
values) and knockdown activity is apparent.
While the toxicities of the dilluorovlnyl-and
the chlorofluorovinylpyrethroids are almost iden-
tical (Tabl 1), there is a significant difference
in knockdown activity. It was of interest to
determine if the geometry of the halogen











activity at constant halopyrethrcid concentration.
It is seen that as the electronegativities of the
halogen substituents increase, the lO-min knock-
down activity also increases. In another parallel
study, pyrethroid I exhibited higher knockdown
activity than I-methyl 3- (benzyl-3-furyl) methyl
trans- (+) -3-carboxy-Il', 2, 2-trimethylcyclopro-
paneacrylic acid (NRDC 106), one of the more
potent pyrethroids in knockdown activlty'",
Perhaps a more quantitative relationship between
halogen substituent and knockdown activity is
shown in Fig. 2, where a reverse trend between
Table 3. Knockdown and kill activity of isomeric chlorofluorovinylpyrethroids (II)
against DDT-susceptible house Illes. a
Insecticide Concentration, 5'6 Knockdown 5'6 Killmg/ml 10 min 1 day
F"C_C/H II 0.0625 50 96
CI/ - "R
(cis, trans mixture)
F"C_C/H II 0.0625 62 91
CI/ - "R
(trans fluoro)
C'> /H II 0.0625 16 93C=C"F R
(cis f1uoro)
Pyrethrins 1.0 99 36
a Results were obtained from parallel tests on the same lot of house flies. Additional details
on methods are given in the biological testing section.
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Table 4. Relative effectiveness of pyrethroids
of Series I against yellowfever
mosquitoes. Il
a Additional information is given in the biological
testing section.
b Pyrethrins standard was assigned a value of
unity. The LC50 == O.75 mg/m/.
it was nevertheless, significant. In the case where
allethrolone was the alcohol moiety esterified to
the dibromovinyl acid moiety, the pyrethroid
was much more toxic to mosquitoes than its
analog, allethrin", The halogen advantage is
quite evident.
House fly toxicity data with pyrethroids VI
and VII, in both their trans and cis, trans side
chain geometries, are given in Table 5. These
halopyrethrates exhibit kill effectiveness in the
same concentration range as the pyrethrins
standards. Knockdown activities were also found
to be comparable to that of equivalent concentra·
compound could be involved in this difference in
knockdown activity. The cis and trans isomers
of the chlorofluorovinyl compound (II) were
separated by liquid-gas chromatography and
identified by NMR. Comparative toxicity and
knockdown data are given in Table 3. The
percent kill values are quite comparable for the
isomeric mixture and for the separated geometric
isomers; however, there are considerable differ-
ences in the 10-min knockdown values. The
isomer in which the fluorine atom is in the
trans-position (relative to the cyclopropane ring)
has significantly greater knockdown activity than
that of the cis-fluoro isomer.
The dihalovinylpyrethroids (I-V) were also
tested against yellowfever mosquitoes (Table 4).
While the enhancement of toxicity (relative to


















Table 5. Relative effectiveness of pyrethroids
of Series II against DDT-susceptible
house flies.
a Pyrethrins Standard was assigned a value of
unity. The LC50 == 1. 4 mg/m/.
Table 6. Relative toxicity of halodihydropyre-
thrates (Series III) against DDT-
susceptible house flies.
a Pyrethrins standard was assigned a value of
unity. The LC50 == 1. 4 mg/mt.
Halopyrethrate
tions of pyrethrins standards. The insecticidal
potency of these pyrethroids is also considerably
less than that of NRDC 106, the acid moiety of
which is pyrethric acid. It is interesting to note
that the data in this table suggest that the ester
groupings in the cis orientation (relative to the
cyclopropane ring) of the methyl a-haloacrylate
side chains have greater toxicity against house
flies than do the trans ester groupings. On the
basis of the ratios of cis to trans in the isomeric
mixtures, the chloropyrethrate moiety is more
potent th3:n the bromopyrethrate moiety (VI,
4096 cis, 6096 trans; VII, 7596 cis, 2596trans), in
keeping with the general trend of chlorine
substituents having greater effectiveness than
bromo substituents.
Table 6 presents data obtained from toxicity
studies with pyrethroids VIII, IX and X, the
halodihydrochrysanthemates, against house flies.
The toxicity of these pyrethroids is rather low
when compared to the parent structure, rcsrne-
thrin", Interestingly, however, with the first two
VI (trans. Carbomethoxy group
is trans to remaining bulk
of molecule)
VI (cis, trans mixture)
VII (trans. Carbomethoxy group
is trans to remaining bulk
of molecule)




















members of this series, the reverse of the
anticipated halo-substituent trend (Br<CI), results
upon saturation of the side chain of the acid
moiety with hydrogen halides. In all instances
these compounds exhibit higher toxicities than
that of the pyrethrins standard. Indeed, the
toxicity of the bromodihydrochrysanthemate (IX)
is near that of halopyrethroid IV, which has the
dibromovinyl side chain.
Discussion'
It has been shown in this and other studiesv"
that halogen substitutions (pyrethroids I-V) for
the methyl groups of the isobutenyl side chain
of the chrysanthernic acid moiety of resmethrin
and of allethrin enhance both knockdown and kill
in some insects. Knockdown activity can be
rather wel1 correlated with the covalent radii of
halogen substituents attached to the vinyl group
of those pyrethroids having structures analogous
to resmethrin. Thus, as the covalent radii of
substitutent halogens decrease (bromine-efluorlne),
the knockdown activity substantially increases.
It may also be stated that the knockdown
activities increase relative to the increase in
electronegatlvities of the halogen substituents.
Pyrethroid IV, which has the least house fly
knockdown activity of Series I, has knockdown
activity comparable to that of resmethrln",
One of the questions that can be asked con'
cerning the high house fly knockdown activity
of pyrethroid I is whether only one of the two
fluorine atoms of the difluorovinyl side chain is
involved in knockdown. It was therefore of
interest to determine if the geometry .of the
halogen substituents in the cis-trans mixture of
the chlorofluorovinylpyrethroid (II) was involved
in determining relative knockdown activity.
While the data of Table 1 indicate that halogen
substituent geometry has little effect on toxicity,
such geometry is apparently involved in deter-
mining knockdown efficiency. That the trans-
f1uoro isomer of pyrethroid II has knockdown
activity comparable to that of the difluorovinyl-
pyrethroid (I), suggests that it is the trans-f1uoro
substituent of the latter compound which is most
responsible for high knockdown activity.
Numerous correlations have been made between
physical measurements and biological activity.
One physical characteristic that has been cor'
related with biological activity is the lipophilic
character of a series of compounds!", This
lipophilic character may be measured with
reversed phase partition chromatography in terms
of Rm, where Rm=log (lIRe-I). The correlation
of knockdown effectiveness and lipophillclty,
shown in Fig.2, may be taken to indicate that
rapid knockdown activity is dependent upon the
rate of transfer across a lipid membrane barrier
to the site of toxic action in the insect. Support
for this correlation has been given by Burt and
Goodchlld!", where they showed that pyrethrin
I is at least ten times more effective in knock-
down when injected than when applied topically
to house flies.
The trans methyl group of the chrysanthemate
side chain in pyrethrin I, resmethrin, and related
esters has been shown to be a primary site
of detoxification by an oxidative process in
insectsI2, 13) . The replacement of the susceptible
methyl group by halogens, with consequent
negation of detoxification processes, may explain,
in part, the enhanced insecticidal quality of the
pyrethrolds of Series I. Physical properties of
the halopyrethroids which may lead to enhanced
transport and disposition in insects should also
be considered!".
The greater house fly toxicity of the cis-
oriented methyl ester group substituents (as
compared with the trans-orientation) in pyre-
thrate ester-related pyrethroids of Series II may
be partially-'" explained on the basis of an
esterase detoxification process involving the
pyrethric acid moiety. The esterase activity
would thus be capable of attacking methyl ester
groupings oriented in the trans position at a rate
faster than that for ester groupings in the cis
orientation.
The toxicity trend with pyrethroids VIII, IX
and X is perhaps somewhat surprising. The
saturation of the isobutenyl side chain of the
chrysanthemic acid moiety by hydrogen halides
does produce an expected decrease in insecticidal
potency. Elliott et a/.m report that dihydroresrne-
thrin is only 1096 as effective as resmethrin.
(It can be calculated from that study that
5
dihydroresmethrin is about 2.5 fold· more toxic
than pyrethrin.) However, if one considers dihy-
droresmethrin as the parent compound for this
series, all of the halo esters are better than or
equal to, the parent compound in toxicity against
house flies. This enhancement of toxicity may
be due to increased membrane transport rates
and/or due to the in vivo dehydrohalogenation of
the tertiary halo esters into resmethrin, a potent
pyrethroid. Bromopyrethroid IX was more toxic
to house flies than chloropyrethroid VIII. These
data may be interpreted as supporting the
supposi tion that the tertiary halo esters do
indeed undergo in vivo dehydrohalogenation, since
tertiary chlorides are less susceptible than ter-
tiary bromides to this form of decomposition.
That the bromopyrethroid is more potent than
the chloropyrethrold represents a trend opposite
to that observed in Series I and II halopyrethroids.
The iodopyrethroid X, however, does not follow
this reverse trend. The decreased toxicity of the
latter compound may result from a greatly
decreased transport rate due to the great bulk
and low polarity effects of the iodine atom
substituent.
Summary
The high insecticidal quality, low persistency,
and low mammalian toxicity of most pyrethroids
offer an attractive alternative for insect control.
The preparation and study of halogen-atom-
containing pyrethroids was undertaken in an
eff ort to correlate the structure of halopyrethroids
with insecticidal quality, and to prepare new
pyrethroids having enhanced insecticidal activity
over parent pyrethroids. All modifications of
structure presented in this investigation involve
the acid moiety of the pyrethroid structure. The
halogen atom substituents which have been
employed include fluorine, chlorine, bromine and
iodine.
Stereoisomeric cyclopropane acid moieties with
halogen or halogen-containing functionalities
attached to the three-membered ring were pre-
pared and esterified with certain effective alcohols
(usually 5-benzyl-3-furylmethyl alcohol). Carbene
and ylide intermediates were employed in the
synthesis of the acid moieties. The insecticidal
6
quality of these compounds was tested on DDT-
susceptible house flies and yellowfever mosquitoes.
Several of the new pyrethroids, particularly those
having the dihalovinyl· side chain in the acid
moiety (Series I), exhibited high potency in both
knockdown and toxicity (kill) of house flies.
The general trend of halogen substituent effecti-
veness found in this series was (in increasing
order of effectiveness) Br < Cl ;5;F. Geometric
orientations of halogen substituents were found
to profoundly influence knockdown and toxicity
with some of the new halopyrethroids.
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Though detected as early as 1914, the pheno-
menon of insecticide resistance in insects as we
know it today, came ·on the scene with the use
of organic residual insecticides in 1946. Since
then the number of resistant species is increasing
continuously and at present we know of at least
232 species of insects and acarines which have
developed tolerance to one or the other chemical
and of these 130 species are of agricultural
importance'?.
That the melon fruit fly, Dacus cucurbiiae,
can develop resistance to DDT and other chlo-
rinated compounds was shown by Ten in 1959.
He exposed the adults to filter papers treated
with these chemicals for 15 successive generations
and observed that while the species could develop
significant resistance to DDT, it failed to achieve
any significant tolerance to chlordane. During
the present studies an attempt was made to find
out if the species can develop any resistance to
gamma BHC and carbaryl when subjected to
insecticide pressure under laboratory conditions.
Materials and Methods
Adults of Dacus cucurbitae were obtained from
the normal laboratory colonies maintained at
28± 1°C and 60-70 percent relative humidity.
Measured drops of acetone solutions of gamma
BHC and carbaryl were applied topically to the
dorsum of individual flies after the manner
described by Abedi". The treated flies were
kept in 4 X2 cages made up of rice paper and
card board. Mortality counts were made after 24
. hours of insecticides treatments and the survivors
were bred to produce the next generation which
was again subjected to insecticide pressure. In
this way selection with gamma BHC and carbaryl
was carried on for eleven and thirteen generations
respectively.
The percentage mortalities of the normal and
selected strains were plotted on a probit scale
and LC50 values and slopes were derived from
dosage mortality regression lines (Fig. 1 & 2).
The slope of the lines was expressed as the
change in probits per ten fold change in dosage",
Results
The results obtained (Table 1) show that while
the species developed considerable resistance to
gamma BHC it failed to show any significant
tolerance to carbaryl. The initial LC50 values of
0.00022 and 0.00195 obtained with gamma BHC
and carbaryl respectively for the normal strain,
when compared with the corresponding values
for the selected stock suggest that D. cucurbitae
acquired 16.36 times tolerance to gamma BHC in
11 generations but only 1. 51 times tolerance to
carbaryl in 13 generations of selection (Table 2).
The slight shift in the dosage mortality regression
line ofthe 13th generation without any significant
change in slope and its somewhat steeper position
than the dosage mortality regression line for the
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